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DEFLECTION OF PRO?ELLER BLADES WHILE RUNNING, *
By R. Katzmayr.

The fqrces actiﬁéﬁbﬁuéﬁéwéiédes.dfharfrépéliér proceed
from the mass of the propeller and the resistance of the sur-
rounding medium. The magnitude, direction and point of appli-
cation of‘the resultant to the propeller blade is of prime
importance for the strength calculation. The stress on the
propeller blade is a combination of flexure and tension, pro-
ducing a distortion of the blade. The amount of this distor-
ti&n depends on the distribution of both mass and area of
cross-section throughout the length of the blade., The amount
and kind of distortion affect: the efficiency of the propel-
ler at different revolution speeds and it lies within the power
of the designer to produce a distorition of the propeller blade
in any desired direciion by a suitable distribution of mass

and area of crosg-section. It ig nct to be ascribved ultimate-~

ly to this fact that propellers from certain factories (e,g. Knol

ler-Jaray in Vienna) show uniform high efficiency at considerably

differing speeds.

In the large propeller-testing laboratory erected at Fisch-

amend during the war and since destroyed by the victors, the

* Translated from "Motorwagen," April 30, 1922, pp. 223-2235,
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amount of distortion of propeller blades during flight was to

"have been accurately determined. . The experiments with propeller

models of one meter diameter, instituted by the writer,‘gave two

useful resulté. The first was the amount of.deflegtion in the
tip of the blade (at which point it ié‘usualiy the greatest) and
the second was the_distribution‘of the deflection throughout‘thef
propeller radips. |

Since it was dbﬁiousiy impracticable to bring any kind of
testing device near the révoiving propeiler, not so much on'ac—
count of the element of danger as on aécount of the resulting
considerable disturbance of the air flow, the deflection in both
cases was photographically recorded and subsequently measured at
leisure,

The first method was characterized by the use of a constant-
1y shining incandescent lamp., This so-called "Zystoscope" lamp,
of only 3,5 mm diameter and 3.8 grams weight, was firmly secured
to the tip of the propeller blade (Fig. 1). The requisite elec-
tricwcurrent vag suprplisd to the lamp by a wire of only 0.13 mm
diameter, which was led from the hub through fine holes in the
blade., On the propeller shaft there %as a collector ring with
two brass Springs for conduoting the current. A a suitable dis-
tance from the winé tip, a vhotograprh camers was set up in such
a manner that the sensitive plate was perpendicular  to the plane
of rotation of the propeller and the principal axis of thé lens

lay in the latter plane. With the revolution of the propeller

‘a line of light was recorded on the plate. The fourth band from




o

B

-3 -

the top in Fig. 2 was produced by turning the propeller'slowly

by hand. "The lowest of the three parallel lines in said bgpg is .

~ the zero line, corresponding to a deflection of 0. The wingjtipf

was then deflected by hanging on one-kilogram and two-kilogram
weights and the propeller was again turned by hand, when the
photographic plate recorded the deflections produced at the tip
of the propeller by these known weights., The amount of the de-
flections can be read on a millimeter scale which was photégfaph*
ed at the same time. The 7th band in Fig. 2 is a similar record,
consisting, however, of only two lines, the zero line and the one
for 2 kg load on tip of propeller, If the propeller is now run
at various revolution speeds (e.g. at n = 580, 680, 770, 900,
1020, 1120 and 148C r.p.m.), the amount of the corresponding de-
flection can be read directly from the photograph, since in all
cases the zero line was first photographed. The latter is the
lower line of each pair, the upper. in most cases thicker.line
beiné the record of the revolving propeller, A ccmparison of the
deflection thus obtained with the deflections produced by the
known weights gives the amount of equivalent "tip-load". The
method is simple and accurate, but gives only the deflection of
the tip of the blade and not the deflections of the blade through
out its whole length nor any distortions of the same. Other im-
portant data may however be obtained from the photograph. These
data concern the fluttering of the blade. The crackling noise
made by a revolving propeller is caused only in a very slight de-

gree by the gas explosions in the engine (as may be easily veri-




f;ed from electrically-driven propellers), but far more by peri-
odic yibra#igns‘ofbthe‘propeller blades across the plane of rota-
tion, -Thié fluttering, which ié, ofué§ﬁ;ée, closeiy connected
with the revolution speéd, is pfobab;y produced by the cavitatior
caused by the swiftly—moviﬂg propeller tips. This“phenomenbn is
naturally more readily produced by internal combustion engines
and is thus cibsely oonnected-wiph the torsional vibrations of.
the propeller shaft. Entirély aside from the fact that the ef-
ficiency of a propeller is lowered by the fluttering,'the glued
joints are much stressed and liable té split. Such a fluttering
is shown in Fig. 3 for n = 680 r.p.m. It is shown by the. péri-
odical approach and recession of the line of 1ight'forlthe re-
volving propeller with respect to the zero line. The vériation
of the wavy line gives the amplitude of the fluttering motion at
right angles to the plane of rotation and also its frequency, by
the position and nuuber of wave crests per revolution,

The second method is characterized by the fact‘that.not a
contianuous light, but one rythmically igniﬁing in proporiion to
the revolution speed was- used for showing the amount of defiec—
tion, In order to obtain photograms with the reduisite sharp~
ness for measﬁring,'it was necessarj to have an extremely short
illuminating pericd. The light . from an electric discharge seem-
ed best suited for this purpose., The small percentage strength.:
of the light, however, militated against the émployment of a
single electiic discharge. The only solution of this difficulty

was found in not using a single discharge for illuminating the
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revolving propeller blade, but a large enough number of success—
ive discharges so that the total amount of light emitted would
glve a clear plcbure of the blade. It was difficult to con<
struct any device that would produce electrical discharges in
synchrony with the revolutions of the propeller shaft, which
seemed necessary, in order to be able to substitute, for a sin-
gle discharge, any desired number of aveseagine discharges. TFor
this purrose, an ordinary magneto, such as used with internal
combustion engines, proved exceptionally well adapted., This
served also as the source of electricity. In the above instance
there was a "Dixi" magneto available. First, the constancy of
its ignition period was tested by driving it with an electric
motor and sending its discharge through a Geissler tube, such
as used in spectrum analysis. This tube was fastened to a digk
on the same shaft as the magneto and consequently revolved in
perfect synchrony with the latter. During the rotation, there
was produced bty the successive discharges a narrow illuminating
line, which widened at n = 23000 r.p.m. only 2/4 to 1% in fan
shape. This demonstrates that the variation in the ignition per-
iod was not over 1/3680 of a complete revolution and was therefor:
very accurate. Moreover, by adjusting the ignition point on the
magneto, the position of the illuminating line could be varied
within the usual limits. The magneto was employed as follows:
It was rigidly coupled to the shaft bearing the propeller. Its
discharges were made through the same Geissler tube used in

testing the constancy of the ignition reriod. The Geissler tube
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was placed opposite a photograph camera in such manner that a
éortion of it was covered by the propeller blade revolving be-
;ween the camera lens and the Geissler tube, _Moreover, the Geiss
ler tube could be rotated parallel to the plane of the photograpk
ic plate and toritéelf, whereby thefe was no longer a simple il-
luminating line, but a band, composed of several superposed lines
of.light, in which appeared the silhouette of the apparently stil
rropeller blade, as shown in Fig. 3. From such a silhouette, not
only the amount of deflection of the propeller blade at any de-
sired distance from its axis of rctation can be determined, but
also, by comparison of the apparent width of tne blade with that
of the stationary propeller, its distortion and consequently the
variation in the aerodynamically effective angle of attack can

be accurately measured. Alongside the silhouettes of the propel-
ler for various revolution speeds and flight speeds, there was
accordingly photographed the still propeller blade with the addi-

tion of a millimster scale and without changing the position of

i)

the camera. Ey enlarging the photograms, 2 vervy high degree of
accuracy was cbtained. (Fig. 4 shows how the apparatus was ar-
ranged.) It may be further noted that the Ceissler tube con-
tained mercury vapor, which is rich in chemically active rays.
For the surer ignition of the latter, there was a heating device,
consisting of an electrical 1y hsated resistance box, which was
suspended under the tube. (It may be readily recognized under
the Geissler tube at the right.) It may be still further noted
that, in the second method described, there must be no mechanicai
defect in the propeller to be tested. Both methods proved very

satisfactory.
Translated by the National Advisory Committee for Aeronautics.
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